The experiment was undertaken in the Farm of Sher-e-Bangla Agricultural University, Dhaka, during Kharif 1 season, April to July 2013 to examine the response of different levels of nitrogen and foliar application of 1-napthaleneacitic acid (NAA) on morphology, yield contributing attributes and seed yield of sesame (Sesamumindicum L.) variety BARI Til 4. The experiment was laid out in two factors Randomized Complete Block Design (RCBD) with three replications. The total treatment combinations were 12 (3x4). Results of the experiment showed a significant variation among the treatments in respect of the majority of the observed parameters. The N significantly increased yield contributing characters-number of pod plant -1 , pod diameter, pod length, seed weight plant -1
The sesame contains very high percent of oil in the range of 42-45%, 20% of protein and 14-20% of carbohydrate (BARI, 1998 and BINA, 2002) which is tasteless, nutty flavor and plays a vital role in human diet and used as a cuisine across the world. It has 47 percent oleic and 39 percent linoleic acid and is rich in Omega 6 fatty acid, but lacks Omega 3 fatty acid. The nutritive value of sesame is excellent due to the most stable vegetable oils, with long shelf life, the high level of natural antioxidants: sesamin, sesamolin, and sesamol which inhibit the development of rancidity in the oil. It is also used in salad and margarine. The flour that remains after oil extraction is called sesame meal which is an excellent high-protein feed for poultry and livestock (Oplinger et al, 2011) . It has been also reported that the addition of sesame to high lysine meal of soybean produces a well-balanced animal feed (Raghav et al., 1990) . The sesame meal also contains 35 to 50 percent protein, has good effective carbohydrates, and contains water-soluble antioxidants sesaminol, glucosides that provide added shelf-life to many products. Hill, (1972) reported that sesameolin is an antioxidant that is used for its synergistic effect in pyrethrum which increases the toxicity of insecticides.
Sesame is one of the most important oil crops in Bangladesh and grown in all regions. In the year of 1999-2000, the crop covered an area of 96000 acres in Bangladesh with production of 25000 M tons (BBS, 2005) . Recent BBS (2013) reported that 84310 acres of land cultivated for sesame and production was 30972 metric tons. The above information suggests that although the land of cultivation of sesame is decreasing whereas the production is increasing trend from 1999 to 2013. But in a view of population growth, the requirement of edible oil is increasing with high in demand than the production. It is therefore, highly expected that the production of edible oil should be increased considerably to fulfill the increasing demand. The production may be increased either by increasing cropping area under oil crop or increasing yield. But it is difficult to extent the area of oil production in our country due to over population, high demand of cereal crops etc. That is why; the farmers of our country did not get enough interest to grow oil crops. In addition, Rahman et al., (1994) stated that sesame yield is very low in Bangladesh due to lack of proper management practices. Therefore, it is a general consensus that increasing yield per unit area is most reasonable way to increase total production of sesame. The yield of sesame may be increased by using numerous improved technologies and practices such as use of high yielding varieties and suitable practices. As practices, proper balanced supply of nutrients and application of plant growth regulators (PGRs) are one of the most important factors to increase higher yield.
Plant hormones are produced naturally by plants and are essential for regulating their own growth. They act by controlling or modifying plant growth processes, such as formation of leaves and flowers, elongation of stems, development and ripening of fruit. In modern agriculture, people have established the benefits of extending the use of plant hormones to regulate growth of other plants. The application of plant growth regulators in agriculture has started in the1930s in the USA. The plant hormone auxin is involved in a plethora of different developmental processes during the life cycle of a plant (Davies, 2010) . In most tissues the auxin responses are concentration dependent and different tissues respond in a distinct manner to varying amounts of exogenous auxins (Thimann, 1937) . Auxin was identified as a plant growth hormone because of its ability to stimulate differential growth in response to gravity or light stimuli (Bonner, 1952) . Applications of IAA or synthetic auxins to plants cause profound changes in plant growth and development. Higher auxin concentrations might often be inhibitory, so the optimum endogenous level must be tightly controlled. Haque et al., (2005) stated that PGRs at 80 ppm as foliar spray have positive regulatory effect on morphological growth and yield contributing attributes of sesame.
In this study as a source of auxin, 1-napthaleneacetic acid (NAA) was used which commercial name Planofix. Sesame yield increased by application of Planofix through increasing the number of flower clusters plant -1 and reduced percentage of flower drop during Kharif 1 in Bangladesh (Shakur, 1985) . The NAA enhance endogenous levels of PGRs including gibberellins because auxin is necessary to gibberellins biosynthesis, which affect growth, physiological attributes and finally yield. Therefore, limited study has elucidated that NAA can modify the morphophysiologycal attributes and yield of sesame under SAU environmental conditions. However, to my knowledge little is known whether different doses of N along with different doses of NAA regulate the growth, yield of sesame using new variety of BARI Til 4 which is pest and disease resistant. In view of above points a field experiment containing the treatments of N and NAA was conducted with the following objectives: To find out the best combination or combinations of N and NAA for better seed yield of variety BARI Til 4.
Materials And Methods
The experiment was undertaken during Kharif 1 season, April 2013 to July 2013 to examine the response to different levels of nitrogen (N) and 1-napthaleneacetic acid (NAA) on morphology, yield and yield attributes of sesame variety BARI Til 4. The experiment was carried out at Sher-e-Bangla Agricultural University Farm, Dhaka-1207, Bangladesh. The experiment consisted of 12 treatment combinations and was laid out Randomized Complete Block Design (RCBD) with 3 replications. It is located at 90 0 22 ′ E longitude and 23°4l′ N latitude at an altitude of 8.6 meters above the sea level. The land belongs to Agro-ecological zone of Modhupur Tract, AEZ-28. The soil was sandy loam in texture with pH 5.47 -5.63. 
Data analysis
The data obtained from the experiment were subjected to statistical analysis following analysis of variance technique (Russell 1986) . The mean differences were tested through, least significant difference (LSD) method
Results And Discussion
Number of pod plant -1 A significant variation was recorded due to the different nitrogen fertilizer doses for number of pod plant -1 of sesame (Fig. 1) .The maximum number of pod plant -1 (49.08) was recorded for the N 1 treatment and the lowest (42.37) was observed from N 0 treatment which was statistically similar with N 2 (43.75). From the result it appears that pod number plant -1 increased due to the increased rate of nitrogen fertilizer application up to certain level but excess application of nitrogen enhanced the vegetative growth instead of pod formation had reported by Alam (2002) and .
As N different concentrations of NAA had significant variation in the number of pod plant -1 of sesame (Fig. 2) .The highest number of pod plant -1 (51.22) was recorded for the A 2 (50 ppm NAA) which was statistically similar with A 1 and the lowest (44.06) was observed from A 0 which was statistically similar with A 3 . As reported by the scientist, the number of pod plant -1 increased significantly due to NAA application on various crops. The spraying of different concentrations off NAA had a great regulatory effect on number of pod per plant and increased the pod yield as suggested by Kalita et al. (1995) , Gupta and Singh, (1982) , Singh et al. (1982) , Reddy and Shah (1984) and Devasenapathi et al. (1987) .
The number of pod plant -1 of sesame significantly influenced by the combined use of nitrogen fertilizer and NAA (Table 1 ).The minimum number of pod plant -1 (36.67) was observed from control or N 0 A 0 (0 kg N/ha and 0 ppm NAA) treatment combination which was statistically similar with all except N 0 A 2 (50.67), N 1 A 1 (51.67) and N 1 A 3 (51.67) and maximum number of pod plant -1 (59.67) was recorded for the N 1 A 2 (60 kg N/ha and 50 ppm NAA) treatment combination. Here without nitrogen and NAA showed the lowest result and the combination of 60 kg/ha N with 50 ppm NAA resulted best in increasing of the pod number in sesame plant. CV = Co-efficient of variance LSD = Least significant Difference ** = Significant at 1% level
Pod length (cm)
As consistent to fruit diameter nitrogen fertilizer doses had significant influenced on fruit length (mm) of sesame (Fig.  3) . The highest fruit length (21.49 mm) was obtained from N 1 (60 kg N/ha) which was statistically similar with N 2 (20.44 mm) while the lowest result (18.63 mm) was recorded from N 0 (0 kg N/ha). These data resulted that application of N fertilizer increased fruit lenth (mm) in contrast with fruit diameter (mm). Patra (2001) had reported that nitrogen fertilizer application increase the pod length of sesame.
Different concentrations of NAA had significantly influenced on pod length (mm) of sesame (Fig. 4) . The highest pod length (21.17 mm) was recorded from A 2 treatment which was statistically similar with A 1 (20.30 mm) and A 3 (19.86 mm) while the lowest result (19.41 mm) was recorded from A 0 . Here results showed that NAA increased pod length as reported by Singh et al. (1995) that application of NAA increased the umbel length and more umbel number in onion. Previous many authors reported that auxin plays an important role on the fruit development and setting in many crops. All together the presented data suggest that NAA had positive functions on pod length (mm) of sesame.
The combined effect of nitrogen fertilizer and NAA was significant to pod length (mm) of sesame ( Table 1) 
Pod diameter (mm)
Nitrogen fertilizer doses had significant influenced on fruit diameter (mm) of sesame (Fig. 5) .The highest fruit diameter (9.85 mm) was obtained from N 1 while the lowest result (8.34 mm) was recorded from N 0 which was statistically similar with N 2 (8.55mm). Here results showed that without and excess nitrogen fertilizer application founded less pod growth in diameter for sesame plant.
A significant variation was recorded due to the different concentrations of NAA for fruit diameter (mm) of sesame (Fig. 6) . The highest Fruit diameter (10.72 mm) was obtained from A 2 treatment while the lowest result (8.47 mm) was recorded from A 0 treatment. Results showed that foliar application of NAA increased the fruit diameter (mm) upto a certain concentration of 50 ppm (A 2 ).
Fruit diameter (mm) was observed significant variation due to combined application of different levels of nitrogen fertilizer and NAA on of sesame (Table 1 ). The maximum fruit diameter (11.59 mm) was recorded for the N 1 A 2 treatment combination and the lowest (7.49 cm) was observed from N 0 A 0 treatment combination which was statistically similar with all except N 1 A 2 (11.59 cm). Here best combination resulted of increased fruit diameter (mm) from N 1 A 2 at 60 kg/ha of nitrogen and 50 ppm of NAA treatment combination.
Seed weight plant
-1 (g) In this study N fertilizer levels showed significant variation in the seed weight plant -1 of sesame (Fig. 7) . The maximum seed yield plant -1 (27.41 g) was produced by N 1 (60 kg N/ha) whereas N 0 produced the minimum seed weight plant The NAA showed significant variation in the seed weight plant -1 of sesame (Fig. 8) . The highest seed yield plant -1 (29.40 g) was produced by A 2 (50 ppm NAA) and A 0 (0 ppm NAA) produced the minimum seed weight plant -1 (20.33 g).The presented results indicated that NAA at 50 ppm (A 2 ) increased seed weight plant -1 . Prakash et al, during (2003) , Ghosh et al. (1991 ), Sujatha, (2001 . And Radhamani et al. (2003) had reported that NAA significantly increased the seed weight of plants.
Interaction of nitrogen fertilizer and NAA doses showed significant variation on seed weight plant -1 (g) of sesame( Table 2 ).The minimum seed weight plant -1 (13.60 g) was observed from N 0 A 0 (without N and NAA) treatment combination and maximum seed weight plant -1 (34.67 g) was recorded for the N 1 A 2 treatment combination. The results showed that the best combination N 1 A 2 (60 kg/ha N and 50 ppm NAA) increased sesame seed weight plant figure 23 showed that different levels of nitrogen fertilizer had significant variation in the seed weight plot -1 (g) of sesame. The maximum seed weight plot -1 (g) (380.4 g) was produced by N 1 (60 kg/ha) not from N 2 (120 kg/ha) and N 0 (0 kg/ha) produced the minimum seed weight plot -1 (265.0 g). From the study of results I found that excess nitrogen fertilizer application decrease seed weight plot -1 (g). Sesame pod number, pod length and diameter also increased with N (Fig. 9, 10 and 11) which believes to increase seed weight plot -1 of sesame. These findings are in agreement with Pathak et al. (2000) and Thakur et al. (1998) .
The different concentrations of NAA showed significant variation in the seed weight plot -1 (g) of sesame (Fig. 9) . The maximum seed weight plot -1 (367.2 g) was produced by A 2 (50 ppm) which was statistically similar with A 3 (354.7 cm) whereas A 0 (0 ppm NAA) produced the minimum seed weight plot -1 (244.2 g). These results showed significant variation in seed weight plot -1 (g) as similar effect of NAA to seed weight plant -1 (g) (Fig. 9) . Suty (1984) , Bai et al. (1987) , Varma et al. (2009) and many other researchers had reported that NAA had a significant effect on seed yield and yield components. Taken together, these finding indicate that NAA can promote the seed yield of sesame as N.
Application of different levels of nitrogen fertilizer and NAA doses showed significant variation on seed weight plot -1 (g) of sesame (Table 6 ).The highest seed weight plot -1 (447.1 g) was recorded for the N 1 A 2 (60 kg N/ha and 50 ppm NAA) treatment combination and the lowest (163.4 g) was observed from N 0 A 0 (0 kg N/ha and 0 ppm NAA) treatment. These results showed that application of NAA with different levels of nitrogen fertilizer increased the seed weight plot -1 (g) as consistent to combined effect on seed weight plant -1 (g) ( Table 6 ) of sesame plant and the best combination (N 1 A 2 ) found from 60 kg/ha nitrogen with 50 ppm of NAA. 
seed weight (g)
The application of nitrogen influenced significantly on the thousand seed weight (g) of sesame (Fig. 11) . The maximum thousand seed weight (11.18 g) was produced by N 1 and N 0 produced the lowest thousand seed weight (10.29 g). These results showed that without application of nitrogen (N) resulted in minimum 1000seed weight and with the application of N the 1000-seed weight increased and got highest weight from N 1 (60 kg N/ha) . These results are in line with those of Mankar et al. (1995) who reported that 1000 seed weight increased with increasing rate of N. reported that 1000 seed weight of sesame increased with 45 kg/ ha of nitrogen fertilizer application.
The Fig. 26 showed that NAA had significant influenced on the 1000 seed weight of sesame. The highest 1000 seed weight (11.38 g) was produced by A 2 which was statistically similar with A 3 (11.17 g) and A 0 produced the lowest 1000 seed weight (9.68 g). The results showed that application of NAA as foliar spray increased the 1000 seed weight (g) and the best result found from A 2 (50 ppm). Higher concentration of NAA on grass pea increased 1000 seed weight had reported by Sharma et al. (1999) .
The combined interaction of different levels of nitrogen fertilizer and NAA doses showed significant variation on the 1000 seed weight (g) of sesame ( Table 2 ).The maximum 1000 seed weight (13.13 g) was recorded for the N 1 A 2 (60 kg N/ha and 50 ppm NAA) treatment combination and the lowest (9.16 g) was observed from N 0 A 0 (control or without N and NAA) treatment combination which was statistically similar with N 0 A 1 (9.76 g) treatment combination. The results of this study showed the increment of 1000 seed weight (g) and the highest 1000 seed weight (g) of sesame was obtained from N 1 A 2 treatment combination (60 kg/ha nitrogen with 50 ppm of NAA) which was similar to the results found in seed weight plant -1 (g) and seed weight plot -1 (g) ( Table 6 ).
4.14 Yield (t ha -1 ) The seed yield of sesame plot -1 (g) was converted into hectare -1 and has been expressed in metric tons. The different levels of nitrogen had significant effect on the yield of seed ton (t)hectare -1 as consistent with seed weight plant -1 (g), seed weight plot -1 (g) and 1000 seed weight (g) (Fig. 11, 12, 13 and 14) . The maximum yield of seed hectare -1
(1.26t) was obtained from N 1 (60 kg/ha) whereas the minimum yield of seed per hectare (0.88 t) was obtained from N 0 (control or without N). N 1 (60 kg/ha) gave the maximum yield than N 2 (120 kg/ha) this could be because of excessive nitrogen had been reported to reduce fruit number and yield for sesame but enhances plant growth (Aliyu et al., 1996) . This finding corroborated those of Bonsu (2003) , Fathy and Mohammed (2009) .
In this study the seed yield of sesame plot -1 (g) was converted into hectare -1 and has been expressed in metric tons (Fig.  14) . The different concentrations of 1-napthaleneacetic acid (NAA) had significant effect on the seed yield of sesame ton hectare -1 as similar to seed weight plant -1 (g), seed weight plot -1 (g) and 1000 seed weight (g) (Fig. 11, 12, 13, 14) . The highest yield of seed hectare -1 (1.22t) was obtained from A 2 (50 ppm) which was statistically similar with A 3 (1.18 t) and the minimum yield of seed per hectare (0.81 t) was obtained from A 0 (control or 0 ppm NAA). These results showed that the foliar application of NAA increased the yield of sesame. The similar findings had stated by Rao (1971) . Nawalagatti et al. ( 1991) , Segare and Naphade (1987) , Venkaten et al. (1984) and Subrahmaniyan et al. (2000) had observed that foliar spray of NAA in different concentration at different days of interval significantly increased the yield. Application of growth regulators had significantly increased the yield of plant had also reported by Witgenberger et al. (1985) , Bharud et al. (1986) , Gundalia et al. (1990) and Devasenapathy et al. (1987) . There was a significant combined effect of different levels of nitrogen fertilizer and NAA concentrations and showed significant variation on the yield of sesame (Table 6 ). The maximum seed yield (1.49 t) was recorded for the N 1 A 2 (60 kg N/ha and 50 ppm NAA) treatment combination and the minimum (0.54 t) was observed from N 0 A 0 (0 kg N/ha and 0 ppm NAA) treatment combination. The total yield of sesame increased by the application of different levels of N fertilizer and NAA concentrations and the best result from the combination of N 1 A 2 (60 kg/ha N and 50 ppm NAA) had found from this experiment. Previous results like pod number plant -1 , pod diameter (mm), pod length (mm),seed weight plant -1 (g), seed weight plot -1 (g) and 1000 seed weight (g) ( Table 5 , 6) had similarity with these results. Katwala and Saraf, (1990) observed that as application of one percent urea as nitrogen fertilizer (N) with 1-napthaleneacetic acid (NAA) at 40 ppm significantly increased the yield of sesame.
Conclusions
Considering the above results, it may be summarized that seed yield and yield contributing parameters of sesame are positively correlated with N and NAA application. Therefore, the present experimental results suggest that the combined use of 60 kg N/ha and 50 ppm NAA along with recommended doses of other fertilizer would be beneficial to increase the seed yield of sesame variety BARI Til 4. 
